Abstract -Cytogenetic studies were conducted with Podocnemis expansa and Podocnemis sextuberculata, turtles of the Brazilian Amazon, aimed at a better characterization of the chromosomes of these species. To obtain mitotic chromosomes, lymphocytes were grown in a culture medium for karyotypes (RPMI), and harvested cells were treated to obtain metaphase chromosomes. The results showed the karyotypic number for P. sextuberculata and P. expansa to be 2n = 28 chromosomes; in both species the karyotypes included 5 pairs of macrochromosomes and 9 pairs of microchromosomes, that is, 16m + 2sm + 10a and NF = 46. Visualization of the nucleolar organizing region (NOR) in these two species was obtained by silver nitrate staining, and provided evidence of a simple NOR in the pericentromeric region of the fi rst chromosomal pair. The diploid number was found to be the same as that described in the literature but NOR data are described for the fi rst time.
INTRODUCTION
Six species of the genus Podocnemis occur in South America: P. vogli, P. lewyana, P. expansa, P. unifi lis, P. sextuberculata and P. erythrocephala ; the last four occurring in Brazil, mainly in the Amazon. Although many of these freshwater chelonians are relatively large and of great use to man, there are few studies about their biology.
Podocnemis expansa is commonly known as "tartaruga gigante da Amazônia" (the giant turtle of the Amazon), and, in South America, inhabits the Orinoco and Amazonas river basins (VOGT 2008) . It is the largest species of the genus Podocnemis, the best known in Brazil, considered the largest freshwater chelonian in South America, and, due to this characteristic, it constitutes the most commercially exploited species.
Podocnemis sextuberculata is commonly known as "iaçá" or "pitiú" it is relatively abundant in the Amazon region, and constitutes an important food source for the local human populations (VOGT 2008) . The plastron in the young individuals presents six grey or brown tubercles.
Few cytogenetic studies have been carried out on chelonians. From the point of view of cytotaxonomy, genotoxicity and molecular cytogenetics, this is the most neglected group among the reptiles. This is perhaps due to the diffi culty among some species in obtaining material for cytogenetic analysis. Another diffi culty among reptiles lies in obtaining metaphase cells for the karyotypic study through the induction of the cell culture, mainly because of body temperature variation according to the environment, and exhibiting a cycle of slow cell division. Data published on chromosome morphology and karyotypic evolution among the Pleurodiran tur-tles are limited (AYRES et al. 1969; BICKHAM and BAKER 1976; BULL and LEGLER 1980; EZAZ et al. 2006) .
Karyotypes of reptiles generally consist of two components: macrochromosomes and microchromosomes (MATTHEY 1931) . The most common chromosomal number found in Chelonia is 2n = 52, but karyotypes range from 2n = 26 to 2n = 96 (BULL and LEGLER 1980) . Sex determination in some reptiles is dependent on temperature during egg incubation (temperature-dependent sex determination; TSD); this is true for some turtles, all crocodiles and a few lizards, while for most lizards and nearly all snakes the sex determination is mainly genetic (genotypic sex determination: GSD). TSD has been described for some species of Podocnemis, including P. expansa (ALHO et al. 1984) , P. unifi lis (SOUZA and VOGT 1994; PÁEZ 1995) and P. sextuberculata (PEZZUTI and VOGT 1999) . Currently there is no evidence for GSD in any species Podocnemis. Of the 155 turtle species for which karyotypes are established, sex chromosomes have been described in only fi ve species (OLMO and SIGNORINO 2005) . All species of the genus Podocnemis present a chromosomal number of 2n=28, which is extremely low compared with karyotypes described for other species.
Few karyotypic studies have been conducted on the genus Podocnemis (AYRES et al. 1969; RHODIN et al. 1978; BULL and LEGLER 1980; OR-TIZ et al. 2005) , the work by Ayres et al. (1969) is the only one that presents cytogenetic studies for P. expansa and P. sextuberculata. However, there are still no studies on chromosomal evolution within the family Podocnemidae, nor are there any comparative studies of chromosomal banding.
This work describes the karyotypes and the localization of the nucleolar organizer regions (NORs) in two species of the genus Podocnemis, with the aim of broadening the cytogenetic studies in turtles of the Amazon region. Our study extends previous studies of AYRES et al. (1969) and HUANG and CLARK (1969) , and contributes to future chromosomal cytotaxonomy and evolutionary studies among chelonians.
MATERIAL AND METHODS
We utilized seven Podocnemis expansa individuals and six P. sextuberculata. The specimens analyzed were young and of unknown geographical origin, and as no animal was sacrifi ced, we did not sort animals by sex (sexual dimorphism is absent in the young). Mitotic chromosomes were obtained from cultured lymphocytes grown in a medium of karyotype culture (RPMI) obtained by puncture of the femoral vein, following the FENOCCHIO and BERTOLLO (1988) protocol. The characterization of the nucleolar organizing regions (NORs) was performed according to the technique of HOWELL and BLACK (1980) . The chromosomes were organized in decreasing order of size, and the morphology was established according to the nomenclature proposed by LEVAN et al. (1964) , where m, sm, and a identify metacentric, submetacentric, and acrocentric elements, respectively.
RESULTS AND DISCUSSION
To determine karyotypes we counted 35 cells in each individuals from each species. Our results showed that the karyotypic number for both species of Podocnemis is 2n = 28 chromosomes, consisting of 5 pairs of macrochromosomes and 9 pairs of microchromosomes, with the following morphologies: 16m + 2sm + 10a and NF = 46 (Figure 1 ). Silver-nitrate staining provided evidence of simple NORs located in the pericentromeric region of the fi rst chromosomal pair, in both species (Figure 2) .
Both species were identical number and morphology of chromosomes, concurring with previous studies (AYRES et al. 1969; HUANG and CLAMRK 1969) , and confi rming the very low diploid number compared to most other turtle. According to RHODIN et al. (1978) , the karyotypes of P. sextuberculata and P. expansa are homogeneous and present the same karyotypic formula and fundamental number. All the members of the genus Podocnemis (P. vogli, P. lewyana, P.expansa, P. sextuberculata, P. unifi lis, P. erythrocephala) , have a 2n = 28 in their chromosomal complement, a low chromosomal number relative to other genera (AYRES et al. 1969; HUANG and CLARK 1969; RHODIN et al. 1978; BULL and LEGLER 1980) .
A high diploid number and the presence of microchromosomes have been described for many species of Chelonia. The chromosomal number most commonly observed is 2n = 52, but numbers range from 2n = 26 in Podocnemis dumeriliana (AYRES et al. 1969 ) to 2n = 96 in Platemys platycephala (BULL and LEGLER 1980; .
The reduction in the chromosomal number found in Podocnemis could be explained by multiple chromosomal rearrangements, or this number could represent the ancestral condition for Chelonia, which underwent duplication in many lineages to derive the high number observed in the majority of genera.
Before this study there had been no investigation involving comparative NOR studies in the genus Podocnemis. Within the genus the secondary constriction is seen in the pericentromeric region of the fi rst chromosomal pair, which coincided with the NOR in this study. A secondary constriction, located interstitially in one microchromosome, seems to be the condition commonly found in many species of turtles with chromosome numbers ranging from 2n = 50 to 2n = 66 (BICKHAM and BAKER 1976) . However, BICKHAM and ROGERS (1985) , utilizing silver-nitrate staining, described the structure and variation in the NORs of 27 species of Cryptodiran turtles, and verifi ed that no species or individual had more than a single pair of NORs. They also showed that interspecifi c variation in the position and chromosomal structure of the NOR within the main taxa was relatively rare. BICKHAM and ROGERS (1985) described the NOR as localized in a submetacentric macrochromosome in Macroclemmys temminkii (2n = 52), a species of the family Chelydridae, the most closely related in the range, Criptodira to Podocnemididae (SHAFFER et al. 1997) . The NOR viewed in Macroclemmys temminkii was also associated to a secondary constriction a positive C band and a negative G band, which suggests a certain similarity with the chromosomal pair that is the NOR carrier in Podocnemis. Our data for Podocnemis, with those presented by BICKHAM and ROGERS (1985) in other chelonians, suggest that the turtles have only one pair of NORs, and possibly that the localization of NORs is highly conserved for some groups of chelonians.
In proceeding with the cytogenetic characterization studies of this genus, we are employing other techniques to obtain C and G bands, and employing coloration with a specifi c fl uorochromic base to characterize chromosome architecture. Fig. 2 -NOR in metaphases of Podocnemis sextuberculata (left) and P. expansa evident after coloration with silver nitrate.
